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FAULTING OF PORTLAND
CEMENT CONCRETE PAVEMENTS

BACKGROUND

" In the past fwenty years or so thousands of lane miles of

conerete pavements have been constructed and for the most
part, have carried considerably heavier traffic loads than
were anticlpated in the design stage. In general, these pave~
ments have performed as expected, although there have been

a varlety of problems and Some. surprises assoclated with each
of the approaches that have been used in concrete pavement
deslgn and construction, As examples, steei corrosion has
been a great concern in continuously reinforced pavements;
extending cement treated bases a foot beyond the edge of pave-
ment has not totally prevented pumping; and Jolnted pavements

develop step-off (faulting) at the Joints,

Concrete pavements can be classified in one of the following
categories:

1. Continuously reinforced
2. Jolnted reinforced (sometimes inecluding dowelled Jolnts)

3. Non-reinforced with closely spaced contraction Joints,
dowelled and undowelled

4, Prestressed (stiii regarded as experimental in most
states)
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DéSpite vast differences 1ln theoretical concepts, design
justifications, construction practlces, and cost of pavements
in the above categories, there are also many similarities.

1. Nearly all pavements are between 8" and 10" thick
(203 mm and 229 mm).

2. Nearly all are constructed on a stabilized base.

3. The amount of longitudinal reinforcement, when used, 1is
usually 0.6%,

Assuming similarity‘of traffic loads in the US and design
procedures used that reasonably account for loads, it is not
surprising that similar structural designs for each type of
pavement are developed.

An infinite variety of paving details, many of which deal with
the joint between slabs, have been incorporated into design
systems in an effort to achleve é "yeopo maintenance' pavement.
That worthwhile goal is, however, yet to be attained,

California's experlence with concrete pavements 1s almost
totally limited to the nonrelnforced type wlth "short" Jjoint
“spacing. Slab lengths are in a repeated pattern of 12, 13,
19, and 18 feet (3.65, 3.95, 5.81 and 5.5 m). Weakened plane
joints are skewed counter clockwlse 2 feet (0.6 m) in 12 feet
(3.65 m) and are constructed to a depth of 2 inches (50 mm)
by sawing, or using a tape 1nsert in the plastic concrete.
Concrete 1s designed to achieve a modulus of rupture of 550
psi (3.8 MPa) at 28 days. A stabilized layer, referred to

as cement-treated base (CTB), underlies the pavement and
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extends outward one foot (0.3 m) on each slde of the slab. A
subbase layer usually underlies the cement-treated base.
Shoulder construction consists of asphalt concrete surfacing
over untreated base material,

Concrete pavements 1n California are considered to have per-
formed quite well in that the deslgn 1life of the pavement 1n
terms of traffic 1s usually achieved and, in most cases, is
exceeded., One characteristic of pavement performance that

1s manifestly apparent in the deslign currently used, 1is that
of faulting or step-off that occurs at transverse joints. All
of our pavements eventually develop some degree of faulting,
the magnitude and rate of which varles considerably. For the
most part, it remains within tolerable limits and goes un-
noticed by the traveling public for many years. In some cases,
faulting can be measured as early as a year or two after
opening to traffic, although riding qualilty may not be
seriously affected for several years. Pavements 12 to 15

years old are occasionally found to have a Step-off of 1/4

inch (6 mm) or more and the rlding quality of the highway

is adversely affected. In nearly all concrete pavements that
have reached a "terminal™ conditlon, severe faulting has
developed. Varying degrees of shoulder distress are directly
linked to the faulting condition.

The development of faulting appears to be falrly consistent
within the limits of a given construction project. Whether

in cut or fill or on the hlgh or low side of superelevation,
there is normally no significant difference in the degree

of faulting. Its occurrence is Primarily 1limited to the outer
lane although 1t is sometimes present 1n the outer two lanes.
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Ekﬁensive research Hés'been conducted on the subject of
faulting of joints(l, 2, 3, 4). For this malady to occur
the following conditions must exist:

1. The pavement slab conditlion must be such that deflection
will occur under load. (Thermal gradients and differential
drying within the slab can cause upward warplng at the edges.
This warping reduces base support and may actually result in
the separatiorn of the slab from the base at Joints or edges.)

2. Free water must be present.

3. Heavy wheel loads mﬁét'cross the joint, fifst depressing
the approach slde of the joint, then allowing a sudden
rebound, while instantaneously impacting the leave side of
the joint, causing a violent pumping action of the free water.

4, Pumpable fines must be present. (Untreated shoulder
base material, the surface of the stabilized base, and foreign
material entering the joints are sources of pumpable fines.)

As a result of the action described under (3) above, any loose
fine material avallable 1s driven in the direction opposite

to that of traffic flow and deposited under the approach side
of the joint.' In many cases the depth of buildup of these
fines has been found to exactly coincide with the measured
step-off on the pavement surface. Waterborne fines are some-—
times ejected onto the pavement surface and shoulders, and

can also be eroded from the shoulder area and deposlted under
the adjacent approach slab.
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Typlcal stages in the life of a concrete pavement are shown

in Figure 1. 1In Stage 1, the initilal step-off, say less than
1/16 inch (1,5 mm), is accompanied by shoulder cracking loca-
ted primarily on the down traffic side of the Joint. As the
step-off increases in Stage 2, the cracking is extended longi-
tudinally and is accompanied by a shoulder depression in the
vieinity of the Joint. It is .at this peint that maintenance
of the shoulder becomes necessary. The depressiocns are fllled
with localized patches and the cracks are filled with a hot-
poured sealer. The depression of the shoulder is an indica-
tion that the underlying material is being moved,

In Stage 3, the riding quality of the road is serlously
affected. 'If may be necesSary to grind the pavement, removing
a tapered segment from the slab surface. Shoulder maintenance
may call for a continuous patch one to two feet (0.3 to 0.6 m)
in width.

In Stage b, the slabs can no longer carry traffic without
breaking ﬁp because of the nonuniform support conditions.
While cracks in_the concrete may follow a somewhat irregular
pattern, they qﬁite often start on the outside edge of pave-
ment, 5 or 6 feet (1.5 or 1.8 m) down traffic from the joint
and are skewed to the left. Step~off is in the range of 1/8
to 1/4 ineh (3 to 6 mm) with occasional Joints in excess of
3/8 inch (9 mm). An overlay is necessary at this point to
restore riding quality.
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The structural design of pavements is based on assumptions about
conditions that may exist only a short period after construction.
Uniform support of the subgrade 1s one example of a condition
that changes, sometimes drastically. The underlying problem
affecting pavement performance and service 1ife is therefore,
related to physical changes that ape occurring beneath the
concrete slab which are usually caused by repetitions of axle
loadings that are heavy enough to cause slab deflections.

While this econclusilon is arrived at from experience with non-
reinforced slabs and short joilnt spacing, slimilar conditions
could well exist in reinforced slab and continuously rein-
forced pavements with a comparable adverse effect on prerfor-
mance. There may be other causes of nonuniform support such

as expansive soils, settlements or frost heave.

Compacted bases under the slab and in shoulders often have

low permeability and create what i1s referred to as a "bathtub"
section. When free water is avallable, 1t has 1little oppor-
tunity to escape, and some adverse effects on the pavement

are likely to occcur.

Most highway engineers have not adequately recognized the
need for giving full conslderatlion to the effects of surface
water entering the structural section. Cedergren's book,
"Drainage of Highway and Airfield Pavements"(5), thoroughly
documents this concern by a few englneers over an extensive
period of time and yet little progress has been made.
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CONCLUSTONS

Based on the findings from this research project, the following
conclusions are considered warranted.

1. The faulting process starts almost Immedistely after
a pavement is opened to traffic.

2. Faulting is caused by the transportatioén of available
fine material by water moved under the action of heavy wheel
loads(l). The rate of increase in faulting appears to be
dependent mainly on the availabllity of erodible material
under and adjacent to the slabs (assuming water and heavy
loads are present also).

3. The major sources of available fines are (a) erodible
base, and (b) untreated shoulder material adjacent to the
slab(l).

L, The elimination of only one source of fines will not
necessarily stop the faulting action.

5. Either lean concrete or AC base would provide a more
erosion resistance surface than CTB, and would eliminate one
source of fine material which 1s usually involved in the
faulting process.

6. Some type of shoulder treatment, such as metioned in
the report, should also be constructed to eliminate that area
as a source of fines.

ClibPD wwww.fastio.com
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7. Water should be removed from under the bavement as
readily as possible. (It is recognized that joint sealing

is beneficial, but so far, sealing joints has not prevented
all water from entering the base.) The two types of drainage
systems tried, slotted Pipes and g bpermeable open graded A(Q
placed along the edge of the pavement, have satisfactorily
removed water rapidly,

8. Faulting per joint Of half-length slabs is about halfr
that of normal length slabs. Construction of shorter slabs
may be an effective method of reducing ride roughness,

9. As shown in Reference 7, riding quality of faulted pave-
ments can hbe restored economically by grinding, The service
lives of several pavements were shown to be significantly
extended by this method.
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IMPLEMENTATION

Provisional specifications have been adopted which allow
Contractors the option of using lean concrete base (LCB) in
lieu of cement treated base (CTB). On some projects, LCB
is now specified. Its use 1is expected to ellminate one
source of erodible fine material which ocontributes to the

faulting problem,

District design and materials engineers have been apprised

of the problems caused by water under pavements. Formal
presentations by Laboratory englneers explain that water

not only contributes to faulting but other dilstress in the
pavement and shoulder. Dralnage systems are now being
provided in many rehabllitatlon and new constructlon projects.

www fastio.coim
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EXPERIMENTAL STRUCTURAL SECTION FEATURES

The experimental features to be discussed consist of gither
replacement materials for all or a portion of the standard
untreated shoulder base material or inclusion of new design
elements that allow the bage material to function as the
designer presumed.

Shoulder Treatment

3ix such features are shown in Figure 2. A1l of the items
have been constructed at one or more locations as experimental
sections and thelr effect on the development of faulting 1s
peing monitored. Ttems 1 and 2 do not improve the drainage
cdndition put provide a barrier between the free water and

the erodible shoulder base material, blocking movement of
fines to the underside of the slab.

Items 3 and 4. An asphalt treated permeable material is non-
erodible and effectively drains free water from beneath the |
pavement slab. Outlets for removal of water contalned in

the permeable material are necessary to prevent 1ts acting
merely as a regervoir. Where outlets are not provided, some
advantage 1s still realized as water 1s readily removed from
the vicinity of the joint and 1s distributed longitudinally

in the shoulder area where it may have a better chance to
percolate into the ground. |

Ttem 5. The concrete shoulder certalnly solves the problem
of an erodible shoulder base and may assist in drainage of
water from beneath the tpaffic lanes. Slab curl 1n the
shoulder would be expected to be similar to that of the maln

11
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DESIGN FEATURE
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Figure 2

STRUCTURAL SEthON DESIGN FEATURES
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slab allowing free water to flow to the outer edge of the
concrete shoulder. Additional load carrying capacity in the
outer trafflic lane 1is also expected with the use of concrete
shoulders 1f 1t 1s tied or keyed to the pavement edge.

Item 6. A low cost dralnage system can be easily incorporated
into new construction. The slotted polyvinylchloride (PVC)
longitudinal drain is the same broduct. commonly used in hori-
zontal drains. The pipe is laild on top of the CTB adjacent
to the outer edge of the pavement slab where it 1is readily
accesslble to receive free water. Solid PVC pipe outfalls
have been installed at 100 ft., (30.5 m) and 200 ft. (61 m)
Intervals on the two projects where this type of drainage
system has been used. Collected water has been discharged
onto the slopes of the shallow fills in the test sections.
"Conventional' shoulder construction ls used atop the drains.

Observations of dralnage effectiveness have been gquite impresw
slve in the two years since the initial installations. Dis-
charge during rainfall has been as hlgh as 100 gallons per
hour (105 ml/s) on indivigual outfalls, and more significantly,
flow was found to stop shortly after the cessation of rainfall,
greatly minimizing the saturation perilod for the structural
sectlon as well as the embankment and shoulders. Free water
can remain in the structural seetion for days, or even weeks
after a prolonged rain, therefore, drainage accomplished in
one or two hours 1s expected to produce a significant improve-
ment in performance.

13
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A fairly’exten§ivé installation of the longitudinal drainage
system is presently undef way on a large project near
Sacramento and’ the completed portions appear to be performing
satisfactorily. In addition to the detalls shown in the
simplified sketech in Figure 2, various collector line arrange-
ments become necessary'as the highway 1is located in cut and
fill sections. On high fills free discharge cannot be toler-

- ated if the fiilrslopes are subject to erosion. Treatment

of the shoulder on the high side of superelevation is open
to question. It is currently belleved desirable to place
the drain in th same pesition at such locations to afford
maximum protection to the outer, truck carrying lanes.
Faulting has been observed in these areas though it has not
been established that much free water collects there.

Recent costs of the 1-1/2" (38 mm) dia. slotted pipe have been
between $0.75 and $0.85 per ft. (0.3 m) and the solid pipe
between $0.45 and $0.65 per ft. (0.3 m). It 1s normally
purchased in 10 or 20 ft. (3 or 6 m) lengths with ends milled
to provide a slip-fit connectlon. The only fittings required
are tees to connect the outfall lines. Placement costs are
nominal as wvery little labor is involved. A total cost, in
place, of under $1.50 per foot (0.3 m) is expected, except
where a collector system ls necessary. Thls pipe 1s a high
quality product and 1t may be possible o use lower grade,
cheapef plpe for this pﬁrpose.

While much is stlill to be learned about the effect of the
longitudinal drain system on the long term performance of the
highway, it appears to offer a significant improvement at
minimal cost.

14
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Non-—erodible Stabllized Base

With the discovery that the surface of many cement-treated
bases were erodible and were a source of fines that con-
tributed to pavement faulting, the use of a lean concrete

pase (LCB) was investigated. This concept was not new, having
peen used in Great Britain (where 1t is referred to as a wet
lean mix) and other foreign countries at least as early as
1957. In recent years other states, with the support of the
American Concrete Paving Assoclatlon, have used what is re-
ferred to as "Econocrete". Whatever term is used, the product
is essentially the same, being constructed with base gquality
(or better) aggregate, cement contents in the range of 7 to
10%, and sufficient water to provlide a plastic concrete.
Mixing is done in a concrete mixer and placing is accomplished
with concrete paving equipment. The fresh mix has a slump

of 2 to U inches (50 to 100 mm) and forms a tightly knit uni-
form surface without requiring additional finishing behind

the slipform paver. A regular concrete curing seal adds
further to the superior sﬁrface. It differs significantly
from cement treated base (CTB) which is placed with a much
lower cement content, cohtalns only minimal molsture, and

is compacted with rollers. The CTB is often trimmed to grade
which results’in loose material on the surface that is easily
eroded by water and traffic action, -

In 1973, a preliminary laboratory investigation was conducted
to determine target strength levels and appropriate mix pro-
portions for LCB. Following evaluation .of data two paving
projects were selected for large scale field trials of LCB.
To provide a basis for comparison, a slgnificant portion of
each job was constructed using LCB, the remainder being CTB.
These trials are documented in Reference 6.

15

www fastio.com


http://www.fastio.com/

ClihPDF

From the experience gained in the experimental construction
speciflcations were written to allow contractors the cption

of using LCB under PCC pavements in lieu of CTB. With addi-
tlonal eXperience, changes in the specifications have been
made, and other changes will be necessary in the future.

One contractor's recent proposal was to use a base quality
aggregate of 3/8 inech (9.5 mm) maximum size, Laboratory tests
indicated that if larger fractions of coarse aggregate were
added, less cement would be needed to produce the desired
strength. It is antlecipated that specific requirements for
lean concrete base aggregate properties will be established.
Present specifications for LCB may be found in Appendix A,
Since low quality agegregate regquires more cement, some balance
will have to be made between the cost of such aggregate and
the cost of extra cement necegsary to produce the Specified
strength. Other problems assocliated with grading will alsoc
have to be considered suech ags effect of higher water demand

on shrinkage or difficulty of dlspersing cement in finely
graded materlal with the short mixing times used.

16

wavwfastio.com


http://www.fastio.com/

ClibPDF -

PROGRESSION OF WAULTING

One of the objectives of this research was to study the pro-
gression of faulting on pavements of various ages‘and in
different regions of the State. To do this, a faulting gauge
(see Figure 3) was used to measure the displacement at 25
consecutive joints on selected projects, Initially, measure-
ments were made across 50 Joints, but it was found that the
average of any 25 consecutive measurements was not signifi-
cantly different from the average of 50,

The sectlons selected covered all regions of the State where
concrete pavements are placed. These include'desert, coastal,
valley and mountain areas. Pavement ages ranged from new

to about 13 years at time of initlal measurement. Included
are joint‘spacings of uniform 15 ft. (4.6 m) length, our
presently specified staggered lengths, and experimental joints
of approximately half the presently specified length. As
other experimental features were constructed, additional test
sections were established.

Obtaining uniform, repeatable measurements across Joints proved
rather difficult because of the inherent roughness of textured
conerete. The method used was to make 3 to 5 readings about

1 foot (0.3 m) from the outer edge of pavement and record

the average to the nearest 0.0l inch (0.25 mm). Figure U
shows an example of field recorded data, and Plgure 5 a plot
of average faulting per Joint for the Rosamond project.
Although individual readlings may have some inaccuracy due

to surface roughness, temperature, time of year, etec., the
average faultling shows a very definite upward trend. This
project happens to be in a desert region with little rainfall
and has a small percentage of trueck traffic.

17
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Figures B-1 through B-30 in Appendix B are plots for all the
test sectlons belng monitored. While the rate of faulting
increase varies, the upward trend is obvious in all cases.

As shown in the data presented here, faulting begins almost
immediately after the pavement 1s opened to trafflie, and only
the rate of change determines when the faulting will become
noticeable or require corrective action.

There are several interesting results from the experimental
construction features. Figures B-16 through B-19 show that

the open graded asphalt conecrete shoulder treatments slow the
rate of faulting increase, but does not stop 1t. The rein-~
forced plastic shoulder treatment (Flgures B-19 and B-20)

by 1tself does not appear to be significantly helpful. Perhaps
if a non-erodible base had also been added, either treatment
would have shown greater advantages. Figure B-21 shows an
example where lean concrete base was used both with and without
& shoulder treatment. Although data 1s limited, 1t appears
that the combination of LCB and an AC dike against the edge

of pavement has considerable promise in reducing the rate

of faulting increase.

Figures B-23 and B-24 indicate that short joint spacing may
also reduce the rate of increase., These Joints were cut at
staggered spacing with a total of 4 joints in 31 feet (9.45 m).
A loaded truck was run over the pavement at an early age to
induce cracking at each weakened plane. Faulting of the
shorter slabs tends to be about one.half that of normal length
slabs, though over a given length of pavement the total amount
of faulting would be about the same. And, as determined by
measurenents across jolnts, the same 1s true of longltudinal
movements of the slabs in the two different sections. Less
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opening of the joihts probably means better aggregate inter-
lock and load transfer, and some reduction in the pumping
action. This condition 1s comparable to continuously rein-
forced pavement where cracks occur 4 to 6 feet (1.2 to 1.8 m)
apart but are held closely together by the steel.

The thicker pavément and concrete base sections (See Figure
B-25) also show slower rate increases. The high cement factor
concrete shows a very fast rate of faulting, perhaps due to
greater pavement curl. One theory advanced concefning faulting
relative to high strength concrete is that being stiffer,

{more resistance to bending) the deflections due to loads

would be less, thus reducing the pumping action.

Forming transverse Joints by inserting material in the fresh

- concrete was expected to provide some benefits in the reduc-

tion of faulting by eliminating the reservoir left by sawing
which allows water and fines to reach the base. However,
Figures B-25 through B-29 do not show any advantage of inserts
over sawed joints., Except in mountainous freeze-thaw areas,
transverse sawed joints are rarely sealed,

Figure B-30 represents the project with experimental PCC
shoulders referred to earlier and depicted in Figure 2. Full
depth and width AC shoulders (outer only) were also constructed
on a portion of the projeect. The 1ncrease in cost over normal
shoulder construction was about 60% for the AC and 100% for

the PCC. There is insufficient data to make any conclusions

as to effect on faulting.

It appears from the projJect depilcted in Figure B-14 and from

other projects being rehabllitated, that faulting 1s considered
Antolerable for trucks when the average fault at the outer

22
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edge of pavement is somewhere around 0.2 inch (5 mm). (Criteria
varies and greater faulting may be tolerated in some states).
This 1s also demonstrated in Figure B-31 which shows profiles
of a faulted pavement, taken in the outer wheel track before
and after grinding(7)}. Experimental shoulder treatments were
also constructed on portions of this project to see if
recurrence of faulting could be prevented or delayed. In

one section, a portion of the untreated base 1n the shoulder
was replaced with dense graded AC. In another sectlon,
plastic drainpipe was installed. It 1s too early to determine
if these treatments wlll have any effect.

Attempts to correlate faulting with truck traffic, rainfall

or geographical area were unsuccessful. Due to the varlables
involved with faulting, (traffic, rainfall, materials proper-
ties, construction practices, ete.) no clear cut relationships
between faulting and a single factor were observed. For
example, faulting has occurred on many projects in both high
and low rainfall areas. N

The "control" listed in the figures refers to the standard
constructed pavement of 8 or 9 inch (195 or 230 mm) thickness

"and shoulders of aggregate base covered by asphalt concrete.

23
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SUMMARY

Under normal construction.procedures, faulting begins almost
immediately after a pavement is open to traffic, To prevent

or reduce this problem, it ig essential to eliminate as many

of the factors as Possible which lead to faulting. Of utmost
importance is elimination of the major sources of transportabie
fines, i.e., erodible base, and untreated shoulger material.
The elimination orf One source but not the other will not
necessarily solve the Problem. LCB shows great potential

for providing a non-erodible base. AC would probably be
satisfactory, also. Some of the shoulder treatments described

earlier may be effective, but need to be tried in conjunction
with the improved base,

The rapid removal of free water from under the slab is also
considered essential, not only as an ald in solving the
faulting problem,; but in improving pavement and shoulder
performance. Some type of drainage System, such as one of
those described in this report, can readily be installed in
new pavement construetion. It can also be added to existing
pavéments, but whether this alone will deter faulting remains
to be seen. It may also be possible to find some means orf
stabilizing the loose fines already under the slabs and thus
eliminate this source of pumpable material,

,' Further research ang large scale trial installations are needed
and’ cost-effectiveness needs to be examined, In an effort
to accelerate findings, California also plans to proceed with
near full scale laboratory model studies. Simulated loading
and environmental conditions will be produced in the laboratory
and it is hoped that g faulted condition can be generated
In as little as a month or two of repetitive loading. Shoulg
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LEAN CONCRETE BASE.-- The Contractor, at his option, shall
construct elther lean concrete base in accordance with the
following requirements, or cement treated base as provided
for elsewhere in these special provisions.

Lean concrete base shall be placed to the dimensions shown on
the plans for cement treated base, except that the thickness
of the lean concrete base may be reduced by 0.05-foot from
the thlckness specified for cement treated base. If said
thickness is reduced, the elevation of any underlying sub-
grade shall be adjusted so that the finished surface of the
pavement will be at the elevation shown oh the plans.

When pavement material is portland cement concrete and the
Thickness of portland cement concrete pavement regquired for
some lanes 1s greater than the thickness required for other
lanes and the Contractor elects to construct lean concrete
base in lieu of cement treated base, the Contractor shall
construct the base and pavement to the dimensions shown on
the_plans and as modifled 1n the preceding paragraph and may,
at his option, alter the plan dimensions by making the
following adjustments:

1. Thickness of pavement at the outer and inner edges shall
be adjusted in accordance with the following:

AdJjust Outer Edge (feet)...... +wG x &

W

H

Adjust Inner Edge (feet)...... =W. x ¢

ER
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§
1]
r]
0]
=
i

G Width of pavement With greater thickness
Width orf bavement with lesser thickness
Total width or pavement

Difference in bavement thickness in feet

ct I—IIE t"'g:
n

3. Thickness of lean conerete base shall be constant across

Léan concrete base shall consist of a mixtyupe of aggregate,
portlang cemént, water andg, at'the Option of the Contractor,
an admixture for entralning air, Alr content shall not exceed
5 percent. When reclaimed material containing any asphalt

is used in the production of aggregate fop lean concrete base,
admixtures to reduce air entrainment may be required to reduce
air content to not more than 5 percent,

Portland cement , water and admixtures shall conform to

Section 90, "Portland Cement Conerete™, of the Standard
Specifications,
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Aggregate shall be clean and free from vegetable matter and
other deleterious substances and shall not be treated with
lime, cement or other chemicals before being tested for Sand
Equivalent value.

Aggregate shall be of such quality that, when mixed with
portland cement 1in an amount not to exceed 300 pounds per
cubic yard, and tested 1n accordance with Test Method No.
Ccalif. 548, the compressive strength shall be not less than
550 pounds per square inch at 7 days.

The percentage composition by welght of aggregate shall
confbrm to one of the following gradings when determined by
Test Method No. Calif. 202, modified by Test Method No. Calif.
905 when there is a difference in specifilc gravity of 0.2 or
more between the coarse and fine portion of the aggreage OF
petween different aggregates of a blend:

Percentage Passing

1-~1/2" Maximum

1" Maximum

Sieve Individual Moving Individual Moving
Sizes Test Result Average Test Result Average
2" 100 100 - -
1-1/2" 87-100 90-100 100 100
i - - 87-100 90-100
3/4" h5-90 50-85 h5-100 50~100
3/8" 35-80 40-75 35-80 40-75
No. 4 20-65 25-60 30-65 35-60
No. 30 6-34 10~30 6-34 10-30
No. 200 0—15 3-12 0-15 3-12

ClibPD www . fastio.com
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The portland cement content of lean concrete base shall be
not 1ess than 230 pounds per cublc yard, except thab, after
tesping samples of the Contraotor‘s proposed aggregate supply.,
the Engineer may order an increase Or decrease in the
specified portland cement content. Gompensation for any such
ordered_increase or decrease shall be adjusted in the same

manner as for cement in cement tpreabed base.

Proportioning for lean concrete base shall econform O the

'requirements of Sectlion 90~5, “Proportioning", of the standard

Speeifications, except that daividing of aggregate into ©.7%es
will not be required.

Mixing and tpansporting lean concrete base shall conform to
the provisions of Sectilon 90-6, nyixing and Transporting“, of
the Standard Specifications, except thab the second, ghird

and fourth paragraphs of Section 90-6.06, npmount of Water and
Penetration“, shall not apply. Lean concrete base shall have
5 nominal penetration range ©Of 0-2 inches, and the ma ximum
penetration shall not exceed 2-1/2 inches.

Placing, spreading, compacting and shaping shall conform tO
the provislons of Sectlon 40-1.06, nplacing” and Section

40-1.07, ngpreading, Compacting and shaping", of the gtandard
Specifications.

gubgrade to recelve lean concrete base, immediately prior to
spreading, shall conform to the compaction and glevation

tolerances gspecified for the material involved, and shall be
uniformly molst.
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The finished surface of lean concrete base shall be free from
porous areas. It shall not vary at any point more than 0.05-
foot above or below the grade established by the Engineer.
The thickness requirements for portland cement concrete pave-
ment as specified 1n Sectlon 40~1.135, "Pavement Thickness",
of the Standard Specificatlons shall not be modified because
of the variation permitted herein for the finished surface of
lean concrete base above or below the grade established by
the Engineer.

Hardened lean concrete base with a surface higher than 0,05-
foot above the grade established by the Englneer shall b=
removed and replaced with lean concrete base which complies
with these specificatlons, or if permitted by the Engineer,
high areas may be ground until the surface of lean concrete
base conforms to the tolerances specified. Grinding shall
be performed with diamond blade or with carborundum blade
grinding equipment.

Hardened lean concrete base with a surface lower than 0.05-
foot below the grade established by the Englneer shall be
removed and replaced with lean concrete base which complies
with these specifications, or if permitted by the Englneer,
the low areas shall be filled with pavement materisl.

When pavement materlial is asphalt concrete, the low areas
shall be filled with asphalt concrete conforming to the
requirements for the lowest layer of asphalt concrete to be
placed as pavement. This shall be done as a separate

33
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operation prior to placiﬁg the lowest layer of pavement, and
full compensation for such filling will be considered as
included in the contract price paid for cement treated base
and no additional compensation will be allowed therefor,

When pavement material is portland cement concrete, the low
areas shall be filled wlth pavement concrete at the time and
in the same operation that the pavement is placed., Full
compensation for such filling will be considered as included
in the contract price paid for cement treated base and no
additional compensation will be allowed therefor.

Lean concrete base shall be cured with white pigmented
curing compound 1n accordance with the reguirements in
Sections 90-7.01B, "Curing Compound Method", and 90-7.02,
"Curing Pavement™, of the Standard Specifications, 1In
addition, at the Contractor's optlon, lean concrete base

for portland cement concrete pavement may be cured by a
curing compound conforming to the specifications of AASHTO
Designation: M 148, Type 2, except that the loss of water in
the water retention test shall not exceed 0.040 gram per
square centimeter of surface. The curing compouﬁd shall be
applied at the approximate rate of one gallon per 200 square
feet of area.

No traffic or Contractor's equipment will be permitted on

lean concrete base before a pericd of 72 hours has elapsed
after placing lean concrete base.

34
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After 72 hours, trucks with axle loads not exceeding the
maximum specified in Seection 7-1.02, "Weight Limitations™, of
the Standard Specifications may travel on completed lean
concrete base, After 72 hours, irrespective of axle loads,
trucks hauling portland cement concrete for pavement will be
permitted to maneuver on lean concrete base for the length
necessary to get into position in front of Spreading equip-
ment and to dump their loads. The minimum length necessary
to accommodate fielq conditions and the equipment being used
shall be utilized for such maneuvering,

Within the limits of the project and subject to the control

of the Engineer, and provided that the Contractor at his
expense shall provide such protective measures as ére deemed
necessary by the Engilneer and shall repalr any damage caused
by such operations, the Contractor will be permitted to haul
portland cement concrete rfor paving on completed lean conecrete
base with equipment that exceeds the size or welght limitation
set forth in Division 15 of the Vehicle Code, and provided
further that:

(a) the lean concrete base has cured fof not less than 7 days;

(b) hauling is limited to the lane immedlately adjacent to
the median, in each direction; and

(¢) block cracking does not oceur under hauling operations.

35
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If block cracking ocecurs, the Engineer may reduce said loads
so that the maximum welght upon any one wheel, or wheels,
supporting one end of an axle, and resting upon the roadway,
shall not exceed 10,000 pounds. The Contractor shall not be
entitled to any additional compensation nor extension of
contract time by reason of such load reduction.

Before placing pavement over lean concrete base, any damage
resulting from the Contractor's operations shall be repaired,
all lcoose material shall be broomed from the base, and any
damaged curing compound shall be repaired by the Contractor
at his expease, all as dlirected by the Englneer.

Lean concrete base will be paid for at the contract price per
cubic yard of cement treated base of the type shown in the
Engineer's Estimate, calculated from the dimensions shown on
the plans for cement treated base as provided in Se¢tion
27-1.11, "Measurement", of the Standard Specifications. No
deduction will be made for the allowable decrease in thickness
of lean concrete base,

Curing compound will be pald for at the contract price per
ton for liquid asphalt, MC-250, applied at the rate of 0.20-
gallon per square yard for the area of cement treated base
shown on the plans.

36
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The above prices and payments shall include full compensation
for furnishing all labor, materials (inecluding cement in the
amount of 230 pounds per cubic yard of lean concrete base),
tools, equipment, and incidentals, Including subgrade
modifications for the construction of lean concrete base, and
doing all the work inveolved in constructing lean concrete
base, complete in blace, as specified in these special
provigions, and as directed by the Engineer.
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